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&,53&6,
.H\ZRUGV'LUHFW0HWDO/DVHU6LQWHULQJVWDLUVWHSSLQJHIIHFWVXUIDFHTXDOLW\
,QWURGXFWLRQ
'LUHFW PHWDO ODVHU VLQWHULQJ '0/6 LV D SRZGHUEHG
DGGLWLYH PDQXIDFWXULQJ SURFHVV ZKLFK LV XVHG WR SURGXFH
IXQFWLRQDO'SDUWVRUSURWRW\SHVIURPDZLGHUDQJHRISRZGHU
PDWHULDOVZLWKJRRGPHFKDQLFDOSURSHUWLHVFRPSDUHGWRWKRVH
RI FDVW RUZURXJKWPDWHULDOV ,WV VHFWRULDO XWLOL]DWLRQ H[SDQGV
LQ WKH SURGXFWLRQ RIPHGLFDO DQG DHURVSDFH SDUWV WDNLQJ WKH
DGYDQWDJHRIUHODWLYHORZYROXPHGHVLJQIUHHGRPFXVWRPL]HG
DQGOLJKWZHLJKWVWUXFWXUHV'HVSLWHWKHDSSHDOLQJRSSRUWXQLWLHV
RIIHUHG E\ '0/6 WKHUH DUH VWLOO VRPH FKDOOHQJHV WR EH
RYHUFRPHIRUDZLGHUDFFHSWDQFHRIWKHSURFHVVLQVHFWRUVZLWK
KLJKUHTXLUHPHQWV
7KH VXUIDFH TXDOLW\ REWDLQHG E\ '0/6 LV RQH RI WKH
LQKHUHQW OLPLWDWLRQV RI WKH OD\HUEDVHG SURFHVV 7KH PDLQ
UHDVRQIRUORZVXUIDFHTXDOLW\LVDFWXDOO\WKHOD\HUHGQDWXUHRI
WKH '0/6 SURFHVV DQG LV VLPLODU WR RWKHU DGGLWLYH
PDQXIDFWXULQJWHFKQRORJLHVUHVXOWLQJLQDVWDLUVWHSSLQJHIIHFW
>@ 2Q WRS RI WKDW WKH SURFHVVLQJ YDULDEOHV VXFK DV EXLOG
GLUHFWLRQ OD\HU WKLFNQHVV DQG SURFHVV SDUDPHWHUV PD\
VLJQLILFDQWO\DOWHUWKHREWDLQHGVXUIDFHTXDOLW\([DPSOHVWXG\
>@ LQGLFDWHV WKDW WKH GLIIHUHQFH EHWZHHQ UHVXOWLQJ VXUIDFH
URXJKQHVV YDOXHV FDQ EH PRUH WKDQ GRXEOHG GHSHQGLQJ RQ
EXLOG GLUHFWLRQ IRU WKH VDPH SURFHVV DQGPDWHULDO 7KHUH DUH
WZRFRPPRQO\XVHGPHWKRGVIRULPSURYLQJVXUIDFHTXDOLW\LQ
DGGLWLYH PDQXIDFWXULQJ ,Q WKH ILUVW RQH VHFRQGDU\ RU SRVW
SURFHVVHV PD\ EH XWLOL]HG > @ DQG LQ WKH VHFRQG RQH
GLIIHUHQW SURFHVV SDUDPHWHUV OD\HU WKLFNQHVVHV EXLOG
GLUHFWLRQV RU VFDQ VWUDWHJLHV OLNH UHPHOWLQJ FDQ EH HYDOXDWHG
> @ +RZHYHU ERWK RSWLRQV ZLOO LQFUHDVH WKH FRVW GXH WR
PDWHULDOFRQVXPSWLRQPDFKLQHWLPHDQGODERU0RUHRYHUWKH
VXUIDFH TXDOLW\ RQ LQWHUQDO DQG YHUWLFDO ZDOOV FDQQRW EH
HQKDQFHGE\WKHVHPHWKRGV&XUUHQWUHVHDUFKLQYROYHVYDULRXV
VWXGLHV UHYHDOLQJ SUHYHQWLYH DFWLRQV WR RYHUFRPH SRVVLEOH
VXUIDFHTXDOLW\LVVXHVEHIRUHWKH\RFFXU
7KHPDMRULW\RIWKHZRUNLQWKHRSHQOLWHUDWXUHLVGHGLFDWHG
WR GHWHUPLQLQJ SURFHVV OLPLWV DQG WR VHWWLQJ GHVLJQ UXOHV
ZLWKLQ WKH UHOHYDQW DGGLWLYH PDQXIDFWXULQJ SURFHVV >@
0RVW RI WKH UHVHDUFK GHPRQVWUDWHV WKH FDXVHV RI VXUIDFH
URXJKQHVV DQG SRLQWV WR WKH LPSRUWDQFH RI VWDLU VWHSSLQJ RQ
VXUIDFH URXJKQHVV SDUWLFXODUO\ IRU XSIDFLQJ VXUIDFHV >@
'HWDLOHG SUHGLFWLYH PRGHOV DUH QHHGHG IRU DGGLWLYH
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PDQXIDFWXULQJ LQ RUGHU WR DQWLFLSDWH WKH LPSDFW RI SURFHVV
YDULDEOHV RQ WKH VXUIDFH URXJKQHVV 6HYHUDO VWXGLHV LQFOXGHG
SUHGLFWLYH PRGHOV PRVWO\ IRU VLPSOH JHRPHWULHV ZLWK SODQDU
VXUIDFHVDQGVSHFLILFDQJXODULQFUHPHQWV>@7KHUHLVVWLOO
DQHHGIRUUHVHDUFKRQVXUIDFHTXDOLW\SUHGLFWLRQRIIUHHIRUP
VXUIDFHVSURGXFHGE\DGGLWLYHPDQXIDFWXULQJSURFHVVHVDQGRI
FRXUVH VWDLU VWHSSLQJHIIHFWKDVD VXEVWDQWLDO LQIOXHQFHRQ WKH
VXUIDFH TXDOLW\ 0RUHRYHU VWDLU VWHSSLQJ HIIHFW WULJJHUV
VXUIDFH LUUHJXODULWLHV LQFOXGLQJ WKH ZDYLQHVV 7KH ZDYLQHVV
KDV NQRZQ LQIOXHQFHRQ DHUR HQJLQHSHUIRUPDQFH OHDGLQJ WR
KLJKHUORVVHVLQFHUWDLQPRGXOHVVXFKDVFRPSUHVVRUV>@
7KLV SDSHU EHJLQV E\ GHVFULELQJ WKH SUHGLFWLRQ
PHWKRGRORJ\ DQG GHWDLOV WKH IORZ RI WKH SURSRVHG PHWKRG
H[SODLQLQJ HDFK LQGLYLGXDO VWHS DQG UHODWHG JHRPHWU\ 7KH
IROORZLQJ VHFWLRQV GHWDLO WKH H[SHULPHQWDO SURFHGXUH DQG
H[SHULPHQWDO UHVXOWV DQG FRPSDUH WKHP WR WKH PRGHO
SUHGLFWLRQ)LQDOO\WKHSUHGLFWLYHPRGHOLVGHPRQVWUDWHGIRUD
UHSUHVHQWDWLYHJHRPHWU\IRUDHURHQJLQHFRPSRQHQWV
3UHGLFWLRQRIVWDLUVWHSSLQJHIIHFW
7KH VWDLU VWHSSLQJ HIIHFW LV D OLPLWDWLRQ IRU DOO OD\HU
PDQXIDFWXULQJ WHFKQLTXHV SDUWLFXODUO\ LQ WKH SURGXFWLRQ RI
LQFOLQHGRUFXUYHGVXUIDFHV,WGHSHQGVRQYDULRXVIDFWRUVVXFK
DVLQFOLQDWLRQDQJOHDVZHOODVWKHOD\HUWKLFNQHVV>@:KHQ
FRQVLGHULQJSODQDUVXUIDFHVRIWKHSDUWWKHVWDLUVWHSSLQJHIIHFW
LV H[SHFWHG WR LQFUHDVH ZLWK LQFUHDVLQJ OD\HU WKLFNQHVV DQG
GHFUHDVHV ZLWK LQFUHDVLQJ LQFOLQDWLRQ DQJOH 6LPLODU WR WKH
LQFOLQDWLRQDQJOHRQIUHHIRUPVXUIDFHVWKHFXUYDWXUHUDGLXVLV
DQRWKHU LQIOXHQFLQJ IDFWRU +RZHYHU LW LV QRW HDV\ WR PDNH
URXJK HVWLPDWHV RI WKH VWDLU VWHSSLQJ HIIHFW IRU D SDUWLFXODU
UDGLXV YDOXH VLQFH LW FKDQJHV DOVR ZLWK WKH DQJOH RI WKH DUF
DQG FRQFDYLW\ RU FRQYH[LW\ %HVLGHV WKH VL]H GLVWULEXWLRQ RI
WKH SRZGHU SDUWLFOHV ZLWK D ORZHVW PHDQ UDGLXV SRVVLEOH
UHGXFHV WKH VWDLUVWHSSLQJ HIIHFW <HW WKH QHHG IRU
KRPRJHQRXVSRZGHUFRDWLQJOLPLWVWKHPLQLPXPSDUWLFOHVL]H
6LQFH LW LV QRW SRVVLEOH WR HPSOR\ D JHQHUDO JHRPHWULF
PRGHO IRU IUHH IRUP JHRPHWULHV WKH SURSRVHG SUHGLFWLRQ
PHWKRGXWLOL]HVDQXPHULFDODSSURDFK7KHPHWKRGRORJ\VWDUWV
ZLWK D SUHSDUDWLRQ VWHS ZKHUH WKH HVVHQWLDO LQSXWV VXFK DV
&$' JHRPHWU\ DQG GHVLJQ UHTXLUHPHQWV IRU WKH VXUIDFH
TXDOLW\DUHSURYLGHG'HVLJQUHTXLUHPHQWVLQGLFDWHWKHUHJLRQV
DQG GLUHFWLRQV WR EH LQVSHFWHG IRU VXUIDFH TXDOLW\ DV D
FRQVHTXHQFHRIIXQFWLRQDOVXUIDFHFKDUDFWHULVWLFVHJDLUIORZ
VXUIDFHV 6LQFH WKH ]D[LV JHQHUDOO\ GHQRWHV WKH EXLOG
GLUHFWLRQ LQ $0 WKH [D[LV LV VHOHFWHG WR SHUIRUP WKH
FDOFXODWLRQV 7KLV LV RI FRXUVH LPSRUWDQW IRU WKH FRQWDFW
PHDVXUHPHQWPHWKRGV )RU QRQFRQWDFWPHWKRGV WKH GDWD RI
HQWLUHUHJLRQFDQEHDFTXLUHGLQGHSHQGHQWRIWKHFKRVHQD[LV
/DWHURQSRLQWFRRUGLQDWHVDUHH[WUDFWHGIURPWKHFRQWRXUOLQH
XWLOL]LQJ ]D[LV LQFUHPHQWV HTXDO WR WKH OD\HU WKLFNQHVV VHH
)LJ
7KHWRWDOZDYLQHVV:WLVDVXPRI:9WKHPD[LPXPYDOOH\
DQG:3WKHPD[LPXPSHDNDVVKRZQLQ(T
39W :::   


)LJ7KHIORZFKDUWRIPHWKRGRORJ\ZLWKLOOXVWUDWLRQV
7KHVWXG\FRQVLGHUVWZRPDLQLQSXWIDFWRUVVXUIDFHSURILOH
DQG OD\HU WKLFNQHVV LQ WKHSUHGLFWLRQPRGHO7KHSRVLWLRQVRI
WKHSHDNDQGYDOOH\SRLQWVDUHYDULHG0RUHRYHUWKHVKDSHRI
WKHVHFWLRQRIVWDLUVWHSVLVFLUFXODUGXHWRPHOWLQJDQGZHWWLQJ
SKHQRPHQD)LJ VKRZVDQ LOOXVWUDWLRQRI WKUHHFRQVHFXWLYH
OD\HUV ZLWK OD\HU QXPEHU LQGLFDWHG E\ Q OD\HU WKLFNQHVV
LQGLFDWHGE\WFRRUGLQDWHYDOXHVE\;QDQG=Q7KHVHFWLRQRID
VXUIDFHSURILOHLVJLYHQDORQJWKH]D[LV7KHVXUIDFHSURILOHLV
GLYLGHG LQWR OLQHDU VHJPHQWV DQG WKH FHQWHU SRLQWV RI WZR
FRQVHFXWLYH OD\HUVDUHFRQQHFWHGZLWKKRUL]RQWDO DQGYHUWLFDO
OLQHVWRIRUPDXQLWWULDQJOHEHWZHHQHDFKOD\HU7KHDQJOHIRU
HDFKOD\HULVLQGLFDWHGE\șWKHSHDNLVLQGLFDWHGE\:3-DQG
WKHYDOOH\LVLQGLFDWHGE\:9-

)LJ6FKHPDWLFIRUSUHGLFWLRQPRGHO
$FFRUGLQJ WR SUHGLFWLRQ PRGHO :3- DQG :9- FDQ EH
H[SUHVVHG E\ WKH IROORZLQJ HTXDWLRQV ,Q WKH HTXDWLRQV W
UHSUHVHQWV OD\HU WKLFNQHVV DQG ș UHSUHVHQWV WKH LQFOLQDWLRQ
DQJOHRIXQLWWULDQJOHEHWZHHQWZRFRQVHFXWLYHOD\HUV

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
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$IWHUWKLVVWHSWKHILQDOHTXDWLRQFDQEHGHULYHGE\SXWWLQJ
(T  DQG (T  LQ (T DQG E\ GLYLGLQJ WKH ILQDO
HTXDWLRQ E\  WR WUDQVIRUP WKH ZDYLQHVV YDOXH RI WZR
FRQVHFXWLYHOD\HUVLQWRRQHOD\HU
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([SHULPHQWVDQGPRGHOYDOLGDWLRQV
$OOH[SHULPHQWVKDYHEHHQFDUULHGRXWRQD'0/6V\VWHP
ZKLFKHPSOR\VD)LEHU<$*ODVHUZLWKDZDYHOHQJWKRI
QP(261LFNHO$OOR\,1ZDVVHOHFWHGDVWKHSDUWPDWHULDO
EHFDXVH RI LWV ZLGH XVH LQ DLUFUDIW HQJLQH FRPSRQHQWV 7KLV
LQFOXGHV H[KDXVW V\VWHPV FRQWUROV KRXVLQJ WXUELQH VKURXG
ULQJV DQG FRPEXVWRU OLQHUV VHH 7DEOH  IRU PDWHULDO
FRPSRVLWLRQ7KHSRZGHU OD\HU WKLFNQHVV LV NHSW FRQVWDQW DW
 ȝP IRU WKH ZKROH SURFHVV F\FOH 7KH YROXPHWULF HQHUJ\
GHQVLW\ZKLFKLVWKHODVHUSRZHUGLYLGHGE\WKHPXOWLSOLFDWLRQ
RI VFDQ VSHHG WKH KDWFK GLVWDQFH DQG WKH OD\HU GLVWDQFH LV
RSWLPL]HGIRUPD[LPXPGHQVLW\DQGVHWWR-PP
$ WRWDO RI  SDUWV ZHUH EXLOW ZLWK GLIIHUHQW LQFOLQDWLRQ
DQJOHV RQ D EDVH SODWH ZLWK DQJOHV UDQJLQJ IURP  WR 
ZLWK  LQFUHPHQWV $IWHU WKH SURFHVV LV FRPSOHWHG SDUWV
ZHUH VHSDUDWHG IURP WKH EDVH SODWH E\ HOHFWULFDO GLVFKDUJH
PDFKLQLQJ('07KLVZDVGRQHWRIDFLOLWDWHHDV\DFFHVVIRU
FRQWDFWW\SHPHDVXUHPHQWPHWKRGVZKLFKLQYROYHGUDJJLQJD
PHDVXUHPHQW VW\OXV DFURVV WKH VXUIDFH RI WKH SDUW )LJ 
VKRZV &$' PRGHOV IURP WKH GHVLJQ VWDJH DQG DVEXLOW
VSHFLPHQVRQWKHEXLOGLQJSODWIRUP
7DEOH&RPSRVLWLRQRI,1SRZGHUPDWHULDO>@
(OHPHQW &RPSRVLWLRQ (OHPHQW &RPSRVLWLRQ
1L %DODQFH $O 
&U  &R 
0R  & 
1E  7D 
)H  6L0Q 
7L  36 


)LJ6SHFLPHQSDUWVD&$'PRGHODQGEDVEXLOWFRQGLWLRQ
6LQFH WKH VSHFLPHQ ZLWK PLQLPXP LQFOLQDWLRQ 
FROODSVHG DV D FRQVHTXHQFH RI WKH RYHUKDQJLQJ JHRPHWU\
VXUIDFHTXDOLW\PHDVXUHPHQWVZHUHSHUIRUPHGRQRQO\WKH
UHPDLQLQJ VSHFLPHQV $ 0LWXWR\R 6- GHYLFH SHU ,62
ZDV HPSOR\HG IRU VXUIDFHPHDVXUHPHQWV$V IRU
WKH VHWXS FRQGLWLRQV RIPHDVXUHPHQW D*DXVVLDQ ILOWHU ZDV
DSSOLHG ZLWK D  PP VDPSOLQJ OHQJWK DQG D  PP
HYDOXDWLRQOHQJWK7KHHYDOXDWHGVXUIDFHSDUDPHWHUVDUHOLVWHG
EHORZ

x :DDULWKPHWLFDOPHDQGHYLDWLRQRIWKHDVVHVVHGSURILOH
x :WWRWDOKHLJKWRISURILOH
x 3DDULWKPHWLFDOPHDQGHYLDWLRQRIWKHDVVHVVHGSURILOH
x 3WWRWDOKHLJKWRISURILOH
$YHUDJH UHVXOWV RI PHDVXUHPHQWV IRU WKH VXUIDFH
SDUDPHWHUVDUHOLVWHGLQ7DEOH
7DEOH$YHUDJHUHVXOWVRIPHDVXUHPHQWV
,QFOLQDWLRQ$QJOH 3D 3W :D :W
    
    
    
    
    

7KH VXUIDFHTXDOLW\ZDVPHDVXUHG DW GLIIHUHQW ORFDWLRQV
IRU HDFK VDPSOH DQG DYHUDJH YDOXHV ZHUH XVHG IRU PRGHO
YDOLGDWLRQ )LJ  VKRZV VSHFLPHQV ZLWK WKH VSHFLILHG
LQFOLQDWLRQDQJOHYDOXHV

)LJ6DPSOHSDUWVIRU;	<D[LVZLWKDQJOHYDOXHVLQGLFDWHGDERYH
6LQFHWKHVWXG\LVDLPHGDWSUHGLFWLRQRIWKHWRWDOKHLJKWRI
WKH ZDYLQHVV SURILOH PHDVXUHPHQWV IRFXVHG RQ :W 7R
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